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Motivation

We present the methods utilized in a system aimed at predicting the function of CASP
protein targets, as represented by a node in the Gene Ontology. The strategy we
follow is to (1) identify close neighbors of a target sequence in sequence space, (2)
collect the Gene Ontology nodes associated with these neighbors in a curated data set
(Swiss-Prot), and (3) categorize the collection of Gene Ontology nodes based on their
distribution in the Gene Ontology structure, utilizing a technology called the POSOC,
the POSet Ontology Categorizer. The resulting set of Gene Ontology nodes is
interpreted as the most representative nodes for the function of the original target
sequence.

POSOLE: POSet Ontology Laboratory Environment

«a general environment for ontology experimentation
—Graph representation of an ontology as a POSet
—POSet statistics analysis (e.g. depth, width, average rank)
—Algorithms for node categorization utilizing the structure of the ontology
«First Deployment: Ontology categorization for automated protein function annotation
—Function: Gene Ontology node
—Protein: target sequence or Swiss-Prot identifier
—Map proteins to sets of potential Gene Ontology nodes
-Ontology categorization: “clustering” nodes in ontology space to identify the most
likely node assignment
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Hierarchical Evaluation Metrics

Compare answers F(x) against predictions G(x) GO Branch

*Precision/Recall (BP,MF,CC)

—Precision = % of predictions that are correct
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—Recall = % of known answers that are recovered
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*Extension to ranked list of predictions:
Consider precision/recall at different ranks
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*Extension to ontological predictions: when does a GO
node p in F(x) count as a “match” against a g in G(x)?
~What about siblings? Ancestors?
—~Adapt hierarchical precision/recall measure from R
Kiritchenko et al 2005
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POSOC: POSet Ontology Categorizer
*Given the Gene Ontology (GO) . . . And mappings to GO nodes . . .
*“Splatter” them over the GO . .. Where do they end up?

-- Concentrated? -- Dispersed?
-- Clustered? -- Overlapping or distinct?
-- High or low?

*Pseudo-distances between comparable nodes to measure vertical separation

*POSOC traverses the structure of the GO, percolating hits upwards, and calculating
scores for GO nodes.
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*Scores to rank-order nodes with respect to gene locations, balancing:
—-Coverage: Covering as many genes as possible /\\~
—Specificity: But at the “lowest level” possible B c K
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*“Cluster” based on non-comparable high score nodes

*Example: Given labels (genes) ¢, e, i. .. F G
*What node(s) A,B, C, . . . ,K are best to attend to? b\l}/;’ A\‘ jh"
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*Depends on balance of specificity and coverage abe i

Precision vs Rank (Molecular Function)

Ontology Distance Metrics !
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*How “far apart” are p and g?
*Genealogical approach:
*Radius 0: Equals: Direct match
*Radius 1: Nuclear family: Parents, children, siblings

*Radius 2: Extended family: grandparents, grandchildren,
cousins, aunts/uncles, nieces/nephews
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*Towards a general formulation of metric-based poset distances
and evaluation functions: under development 0

CASP Evaluation Runs

* Goal: compare function predictions made by the system with known functions
assigned to each input protein

« Test set: proteins with known Gene Ontology mappings from UniProt
4530 SwissProt protein sequences derived from Protein Data Bank

* Runs

Baseline Best Blast: Predictions are the GO nodes associated with non-identical protein scoring
highest in the PSI-BLAST analysis. All predicted GO nodes are considered to be at rank 1.
Baseline Full Neighborhood: Predictions are the GO nodes associated with all proteins matched
in the PSI-BLAST analysis (with evalue < 10). The predictions are ranked according to the evalue
of the corresponding PSI-BLAST match.

POSOC Best Blast: Inputs to POSOC are the GO nodes associated with non-identical protein
scoring highest in the PSI-BLAST analysis, weighted by evalue of the match.

POSOC Full Neighborhood: Inputs to are the GO nodes associated with all proteins matched in
the PSI-BLAST analysis, weighted by evalue of the match.

*Eliminate identity matches in PSI-BLAST from mappings used in prediction
—Matches to protein with the same SwissProt Accession ID
—Matches to protein with the same SwissProt Entry ID
—Matches to protein with an e-value < 1030 or e-value <= protein to itself

Precision: Swiss-Prot Sequences with
Known Structure and Go Mappings vs NR

Recall: Swiss-Prot Sequences with
Known Structure and Go Mappings vs NR
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